CLIVAR

The Principal Research Areas
D3: Atlantic Thermohaline Circulation
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Introduction Programme Elements The Atlantic Thermohaline Circulation

The oceanic heat transport in the Atlantic Ocean has an obvious - A key Element of the Global Oceanic Circulation -
and wel-known impact on cimate. Most of the heat ransport in
this basln isa of the d water

with the ion. Fig. 1 shows the main
northward flowing warm water routes and the cold deep
southward retum flows that form the North Atiantic thermohaline
circulation. To the extent that variations of the thermohaline
circulation on decadal-to-centennial time scales lead to changes
in SST and ocean heat transports, they are therefore of direct
interest to CLIVAR DecCen. Furthermore, as the transport of carbon
by the Atlantic thermohaline circulation plays a significant role in
the global carbon budget, thermohaline circulation variations may
contribute to changes in the oceanic carbon transport and hence
indirectly affect the atmospheric CO, content (Fig. 6).

Data Set Development
Main Currents in the North Atlantic Diagnostic and
Empirical Studies
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Overarching objectives

The Thermohaline Circulation and the NAO
The main ofa the role of the
Atlantic ion in DecCy iability should then 3 - A coupled Phenomenon ? -
be as follows:

1to the istics of past DecCen
variability that may be related to thermohaline circulation var-
iations, with a special focus on the last 6000 years, the time in- - a Late 1960s
terval when glacial ice sheets had disappeared and when
forcings were comparable to those acting today. This would
allow to putthe variability of the last millennium within a longer
contextwhich is necessary to encompass the time constant of 2 Labrador Sea:
the global ocean circulation which s larger than 1000 years; convection tightly
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. to determine the sensitivity of the thermohaline circulation to
changes in the surface fluxes;

. to determine the conditions under which sudden transitions of
Fig. 1: An oceanic roundabout. As warm ocean currents in the subpolar are the thermohaline circulation to another state may occur;
gradually cool, they d may trigger
finey et al., 1996, Oceanus, 39, 19-23). . to understand those oceanic processes which are critical for
the dynamics of thermohaline circulation changes;

. to investigate the couplmg mechanisms between the thermo-
haline gyres, and the

b Early 1990s Greenland Sea: minimal

. to establish the degree of predictability arising from the influ- convection to <1,000m
ence of variations on e
climate;

. to investigate the sensitivity to changes in interbasin exchang- Labrador Sea: cogu&c«ion

es. atrecord intensity.
102,300 m; penetrates
the NADW sublayer.
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Data Set Development, Diagnostics production of 18°
and Empirical Studies Water.

The existing instrumental record, although sparse in wide regions of Lag Correlations ey "

lhe Anamlc. has already yielded in the past few years through ter it
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and ice cores from the Greenland ice-cap also can provide proxy ,B)lsiga'ﬁfh) m’;nmhgs; Aol ‘;%‘d':‘;’,";;’_fg"‘e

records for determining past variabity. The analysis of existing data.

sets along with ongoing and planned reanalysis efforts, and

analysis and diagnostic of model output are essential tools for the

investigation of the variability of the thermohaline circulation.
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Data sets on water mass and thermohaline circulation variability
Reanalysis of the instrumental record

Model analysis water close:tm m nace jpromoting convective in-
The paleoclimatic record g?}““f‘;m:‘mm‘s stabilty (Dickson R., 1997‘ Nature, 3as. 649-650)
approdimately 1013 yrs

Correlation Coefficient

Sudden Changes in the Thermohaline Circulation

Planned Activities
DATA 2D - OCEAN MODEL

[MODERN OCEAN == Atlantic Climate Variability Experiment

A multinational basin-scale experiment for the Atantic, the
Atlantic Climate Variabiity Experiment (ACVE) has been
proposed. This experiment is highly relevant to all three Atlantic
PRA’s of CLIVAR (D1-D2-D3). ACVE has been conceived as a
major contributor to the CLIVAR programme. As such, ACVE
will provide real time assessments of the state of the Atlantic
Ocean in relation to climatic variations of the atmosphere.
These will be of great utility to research programmes which
ag 0 seek to understand the role of ocean biogeochemistry in
. climate, and the impacts of climate variabiity on fisheries.
S S Therefore strong connections exist with many other on-going or
planned programmes.
The specific objectives of the Atlantic Climate Variabilty
Experiment are to:
Describe and model coupled atmosphere-ocean interac-
tions in the Atlantic sector, quantify their influences on the
regional and larger scale climate system, and investigate
their predictability.
Assemble a quantitative historical and real time data set
that may be used to test,improve and initialize models of
coupled Atlantic climate variabilty.
Investigate the sensitivity of the meridional overturning ci-
culation of the ocean to changes in surface forcing and
assess the likelihood of abrupt climate change.
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Cross linkages within other
CLIVAR PRA’s
This research project is closely related to the following CLIVAR PRA’s:

Fig. 2: Left:

for iod (upper ial Mai
lower panel); adapted from Duplessy et al., 1988, Palacoceanography, 3,
343-360.

(intermediate panel) calculated by the 2-D Louvain - La - Neuve ocean
model (Fichefet et al., 1994, Nature, 372, 252-255). The lower panel shows

LGM boundary conditions.
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